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Purpose: The North American Symptomatic Carotid Endarterectomy Trial (NASCET) and 
the Asymptomatic Carotid Artery Study (ACAS) both confirmed the effectiveness of 
carotid endarterectomy for preventing stroke in patients who have significant carotid 
stenosis. A uniform technique for measuring carotid stenosis from an arteriogram (% 
stenosis = [ 1 - minimum residual umen/normal distal cervical internal carotid artery 
diameter] x 100) was used in both trials, with reproducibility internally validated. The 
reliability of this measurement when used outside the trials for defining carotid stenosis has 
not been validated. Imprecise calculation of carotid stenosis can result in a 50% 
overestimation f significant carotid disease and potential overuse of carotid surgery. This 
is a prospective study of the reliability of carotid stenosis measurements performed by 
practicing physicians of different specialties and different levels of clinical experience. 
Methods: Two vascular surgeons and two interventional radiologists (one resident and one 
staff member per specialty), blinded to results, calculated the percent stenosis from 219 
consecutive arteriograms performed to evaluate extracranial carotid artery occlusive 
disease; 72 random films were reread by each individual. The interpretations were grouped 
as <60% or >_60% stenosis (ACAS) and as <30%, 30% to 69%, and >70% stenosis (NASCET). 
Interobserver and intraobserver agreement were analyzed with the kappa statistic and 
Pearson correlation coefficients. 
Results: Interobserver reliability in categorizing carotid stenosis revealed excellent agree- 
ment for both ACAS 0c = 0.825 to 0.903) and NASCET groups (~: = 0.729 to 0.793). 
Interobserver correlation coefficients ranged from 0.91 to 0.95. Intraobserver agreement 
was also highly reproducible for both the ACAS 0c = 0.732 to 0.970) and NASCET 
categories (~: = 0.634 to 0.805). Intraobserver correlation coefficients ranged from 0.89 
to 0.95. 
Conclusion: The NASCET technique for quantification of carotid stenosis can be easily 
learned by physicians and reliably implemented for appropriate identification of candidates 
fi3r carotid endarterectomy. (J Vasc Surg 1996;24:449-56.) 
In recent years, several multicenter t ials have de- 
fined indications for the appropriate application of ca- 
rotid endarterectomy to prevent stroke as a result of 
severe extracranial c rotid artery occlusive disease. >6 
In each of these trials, the degree of internal carotid 
artery (ICA) stenosis noted on an arteriogram has 
been the essential factor that predicts whether surgery 
From the Departments of Surgery and Radiology, University of 
Arkansas for Medical Sciences; the Surgical nd Radiology 
Services, Little Rock Veterans Administration Medical Center; 
and the Naval Medical Center, Portsmouth (Dr. Gagne). 
Presented at the Twentieth Annual Meeting of The Southern 
Association for Vascular Surgery, Naples, Fla., Jan. 24-27, I996. 
Reprint requests: Robert W. Barnes, MD, Slot 520, UAMS, 4301 
W. Marltham, Little Rock, AR 72205-7101. 
24/6/74672 
will decrease the incidence of cerebral ischemia as a 
result of carotid artery occlusive disease. The North 
American Symptomatic Carotid Endarterectomy 
Trial (NASCET) measurement technique, which 
compares the residual umen at the point of greatest 
ICA stenosis with the lumen of the normal distal cer- 
vical ICA, has been used in these trials to precisely 
define the degree of carotid stenosis from arterio- 
grams. The interobserver and intraobserver reliability 
of this measurement technique in determining carotid 
artery stenosis has been high in studies that involved 
tTvvo bservers. 7-9 
The findings of the major carotid artery trials have 
provided the general medical community with well- 
defined treatment guidelines for carotid artery steno- 
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sis. For these guidelines to achieve appropriate gen- 
eralization to clinical practice, the NASCET tech- 
nique for measuring carotid stenosis must be readily 
learned and precisely applied outside the confines of a 
formal trial. We previously showed that he imprecise 
calculation of the degree of carotid stenosis can result 
in the overestimation f the stenosis in as many as 50% 
of cases, which results in subsequent inappropriate 
referrals for surgical therapy, l° Barnett et al. n ex- 
pressed concern that overestimation f carotid ste- 
nosis is causing patients with 60% to 69% stenosis to 
be classified as ->70%, which leads to surgical therapy 
that may not be necessary. Given the importance of 
the accurate calculation of carotid stenosis for patient 
management, weundertook this study to determine 
whether practicing clinicians of different specialties, 
with different levels of experience and training, could 
use the criteria from NASCET and the Asymptom- 
atic Carotid Artery Study (ACAS) to define carotid 
stenosis with the same reliability observers achieved 
in the carotid artery trials. 
PATIENTS AND METHODS 
Between September 1, 1991, and September 30, 
1993, 295 four-vessel cerebral arteriograms were 
performed at the John L. McClellan Veterans Affairs 
Medical Center in Little Rock, Ark. From these, we 
selected for this study arteriograms that had been 
performed to assess extracranial carotid artery occlu- 
sive disease, that revealed a patent carotid artery, and 
for which the actual films were available for review. 
Artcriograms that were performed to assess intracra- 
nial vascular anomalies (i.e., malformations, aneu- 
rysms) and arteriograms that were sent with patients 
to other veteran's hospitals were excluded from fur- 
ther consideration. 
On the basis of these criteria, 219 cerebral arte- 
riograms were available for the study. Digital subtrac- 
tion techniques were used for 169 procedures 
(77.2%), and 50 procedures (22.8%) were performed 
with a "cut film" technique. Each arteriographic f lm 
was reviewed by one of the investigators (PJG), and 
the single best view of the carotid stenosis was selected 
to be read by each of four observers. Of the views 
selected, 176 (80.4%) were lateral-oblique views and 
43 (19.6%) were anterior-posterior views. 
All 219 arteriograms were read.by four observers. 
The four observers in this study were from two 
different specialties and had different levels of expe- 
rience in interpreting arteriograms. Two surgeons (a 
staff vascular surgeon and a general surgeon starting a
vascular surgery residency) and two radiologists (a 
staff interventional r diologist and a general radiolo- 
gist beginning an interventional fellowship) were 
compared for observer agreement. Both the senior 
surgeon and the senior adiologist had been evaluat- 
ing cerebral arteriograms with the NASCET tech- 
nique for more than 18 months at the time of this 
study. The senior surgeon had the greater experience. 
The radiology fellow in this study had less experience 
in interpreting arteriograms and using the NASCET 
technique than her senior colleagues. The surgical 
resident had only recently been introduced to the 
NASCET measurement technique and was the least 
experienced ofall the observers in the interpretation 
of cerebral arteriograms. 
For each arteriogram, the minimal residual lumen 
(MRL) at the point of greatest stenosis and the 
diameter of the normal cervical ICA distal to any 
poststenotic dilatation were determined by each ob- 
server. Each observer also was asked to grade the 
quality of the film being evaluated as adequate, poor, 
or totally inadequate for determining the degree of 
stenosis. After this initial assessment, 72 arteriograms 
were randomly selected and evaluated a second time 
by each observer for the degree ofstenosis and quality 
of the film. Each observer was blinded to the mea- 
surements made by the other observers and to their 
own previous measurements. 
All measurements were made with a clear acrylic 
ruler marked in millimeters and were estimated tothe 
nearest half-millimeter. After all observations had 
been made, the percent s enosis was calculated for 
each observation with the formula: percent 
stenosis = (1 -MRL/normal distal cervical ICA di- 
ameter) x 100. The distribution of carotid stenosis in 
the films reviewed in this study is shown in Fig. 1. 
Arteriograms in which the lumen diameter at the 
point of greatest enosis was greater than or equal to 
the diameter of the normal distal cervical ICA were 
regarded as lacking a clinically significant s enosis (0% 
stenosis). This excluded having any negative stenoses. 
Interobserver and intraobserver reliability for de- 
termining the degree of carotid stenosis were deter- 
mined with the kappa statistic, as calculated on BMDP 
statistical software (BMDP Statistical Software, Los 
Angeles, Calif.). Pearson correlation coefficients were 
also determined. For purposes of data evaluation with 
the kappa statistic, each calculated degree of stenosis 
was categorized according to the clinically pertinent 
groups defined in NASCET (<30% stenosis, 30% to 
69% stenosis, ->70% stenosis) and ACAS (<60% steno- 
sis, ->60% stenosis). The interobserver and intraob- 
server agreements were calculated separately for the 
categories evaluated in each of these multicenter 
trials. To evaluate the effect of poor-quality arterio- 
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Fig. 1. Distribution of carotid stenoses by observer. 
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grams on observer agreement, we repeated the kappa 
statistic after removing the data derived from films 
that were graded by the senior radiologist as totally 
inadequate for determining the degree of carotid 
artery stenosis. 
RESULTS 
The interobservcr kappa statistics mean + stan- 
dard error for the four observers are shown in Tables 
I and II, The agreement among the observers was 
between 0.729 + 0.041 and 0.793 + 0.037 when 
analyzed for the three NASCET categories. The 
kappa statistic revealed even better agreement when 
the data were analyzed for the two ACAS categories, 
with kappa values between 0 ,825+0.039 and 
0.903 + 0.030. The intcrobserver Pearson correla- 
tion coefficients ranged from 0.91 to 0.93. The 
average standard eviation for interobserver differ- 
ences was 5%. An example of  the simple regression 
analysis comparing the results of the staff radiologist 
and thc staff surgeon is shown in Fig. 2. No consistcnt 
pattern of increased intcrobserver agreement was 
noted between any two of the observcrs, (i.e., surgeon 
vs surgeon, staff vs staff). The senior radiologist 
classified i2 (5.5%) films as being totally inadequate 
for interpretation. When the data from these "totally 
inadequate" films were removed from analysis, no 
significant difference in observer agreement was 
found. 
The intraobserver kappa statistics are also shown 
in Tables I and II. The sequential readings made by a 
single observer were highly consistent over time. The 
intraobserver kappa values were between 0.634 + 
0.078 and 0.805 + 0.061 for the three NASCET 
categories and between 0.732 + 0,083 and 0.970 + 
0.030 for the two ACAS categories. The intraob- 
server Pearson correlation coefficients ranged from 
0.89 to 0.95. 
When we examined the agreement among the 
observers with regard to arteriographic technique, 
studies performed with digital subtraction techniques 
produced correlation coefficients between 0.92 and 
1.0. "Cut film" arteriograms produced interobserver 
correlation coefficients between 0.84 and 1.0. 
DISCUSSION 
Recently, NASCET, ~ the European Carotid Sur- 
gery Trial (ECST), 6 ACAS, ~ and two Veterans Affairs 
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Fig. 2. Correlation of readings between the staff radiologist and the staff vascular surgeon. 
Dashed line is a diagonal. 
Table I. Kappa values (standard errors) for interobserver and intraobserver agreement--NASCET 
Observer Surgeon Sr Radiologist Sr Radiologist Jr Surgeon Jr
Surgeon Jr 0.805 (0.061)* 0.758 (0.039) 0.754 (0.040) 0.756 (0.040) 
Radiologist Sr 0.758 (0.039) 0.776 (0.066)* 0.793 (0.037) 0.729 (0.041) 
Radiologist Jr 0.754 (0.040) 0.793 (0.037) 0.716 (0.072)* 0.733 (0.041) 
Surgeon Jr 0.756 (0.040) 0.729 (0.041) 0.733 (0.041) 0.634 (0.078)* 
*Intraobserver kappa values. 
Sr, Staff; Jr, resident. 
Table II. Kappa values (standard errors) for interobserver and intraobserver agreement--ACAS 
Observer Surgeon Sr Radiologist Sr Radiologist Jr Surgeon Jr
Surgeon Sr 0.880 (0.058)* 0.866 (0.035) 0.882 (0.033) 0.825 (0.039) 
Radiologist Sr 0.866 (0.035) 0.88 (0.058)* 0.903 (0.030) 0.867 (0.034) 
Radiologist Jr 0.882 (0.033) 0.903 (0.030) 0.970 (0.030)* 0.844 (0.038) 
Surgeon Jr 0.825 (0.039) 0.867 (0.034) 0.844 (0.038) 0.732 (0.083)* 
*Intraobserver kappa values. 
Sr, Staff; Jr, resident. 
carotid artery trials 3'4 have defined groups of patients 
with advanced carotid artery disease for whom carotid 
endarterectomy is appropriate and effective therapy. 
In each of these trials, the degree of carotid artery 
stenosis was predictive of which patients could expect 
the greatest benefit from carotid endarterectomy. 
Accurately defining the degree of carotid artery steno- 
sis is, therefore, ssential to the proper management of 
patients with carotid bifurcation disease. 
Numerous variables must be accounted for when 
considering patient treatment options for carotid 
disease on the basis of  the degree of carotid artery 
stenosis. These variables include techniques used for 
radiologic evaluation and stenosis measurement, defi- 
nition of clinically relevant categories, and the expe- 
rience of the observer in interpreting cerebral arterio- 
grams. 
Radiologic technique. The severity of carotid 
stenosis was determined from arteriograms in 
NASCET, ECST, and the two Veterans Affairs coop- 
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erative studies. In ACAS arteriograms and noninva- 
sive techniques were used to characterize the severity 
of the stenotic lesion. Although there is an increasing 
interest in noninvasive vascular imaging techniques 
(i.e., duplex ultrasonography and magnetic resonance 
angiography) for the diagnosis of carotid artery dis- 
ease, arteriograms are still considered the gold stan- 
dard of wLscular imaging. Arteriograms are reliable 
studies that provide images of diseased vessels that can 
be reviewed and interpreted by any interested practi- 
tioner. 12 For this reason, defining the degree of 
carotid artery stenosis from an arteriogram would 
seem simple, with consistent results expected. 
Varying radiologic techniques used to produce 
arteriograms have been implicated as a source of 
significant interpreter variability regarding the extent 
of arterial occlusive disease present. ~2'1s The cerebral 
arteriograms used in our study were obtained retro- 
spectively and were performed with selective carotid 
injections and multiple views. Digital subtraction 
techniques were used more frequently (77.2%) than 
were standard "cut films" (22.8%). Interestingly, 
correlation among the observers in this study was 
slightly better when digital subtraction images were 
evaluated than when cut films were evaluated. This 
was unexpected and may reflect sampling error be- 
cause there are a disproportionate number of digital 
subtraction studies compared with cut film studies. 
Observer agreement was high regardless of the radio- 
logic technique. With contemporary imaging tech- 
niques, clear views of the carotid bifurcation appear to 
be more important for accurate determinations of
carotid stenosis than the radiologic technique itself. 
Stenosis measurement. Several studies have 
shown that significant variability can exist among 
observers in the interpretation of the degree of 
stenosis een on an arteriogram. ~2-~4 This variability 
has led some authors to question the feasibility of 
clinical decisionmaking on the basis of arteriographic 
scans, x2 Because the results of the major carotid trials 
have largely been based on arteriographically defined 
carotid stenoses, it is important to show that physi- 
cians outside of the trials can define carotid stenosis 
from arteriograms with consistency. Otherwise, it is 
uncertain whether the management guidelines that 
were derived from the major carotid artery trials 
concerning carotid bifurcation disease are widely 
applicable. 
The technique used to calculate the degree of 
arterial stenosis has been implicated as a source of 
significant interobserver variability in the interpreta- 
tion of arteriograms. 7,~3,~s-a8 The most common in- 
terpretative technique used for calculating carotid 
stenosis in the carotid trials was used in NASCET, 1 
ACAS, 5 and the two VA cooperative studies. 3,4 
This technique, applied at the point of greatest ar- 
terial narrowing, defines percent stenosis as (1 -  
MRL/normal distal cervical ICA diameter)x 100. 
The observer agreement with this technique for 
categorizing carotid stenosis was excellent in 
NASCET (intraobserver, • = 0.89) 1 and in a study by 
Rothwell et al.9 (interobserver, ~c = 0.72; intraob- 
server, ~c = 0.78 ). Moneta et al.8 also showed excellent 
observer agreement for defining carotid stenosis with 
this technique. In each of these studies, however, only 
one or two observers were participating, with no 
consideration given to specialty or duration of expe- 
rience. 
The use of calipers has been advocated as a means 
of improving observer agreement for calculating 
carotid stenosis. 14,16 Calipers were not required in 
NASCET, ECST, or ACAS. In this study we used a 
transparent acrylic ruler to measure the vessels on the 
arteriograms. Acrylic rulers are both readily available 
in angiography suites and easy to use. Indexing two 
diameters to calculate a percent stenosis may neutral- 
ize any inaccuracy inherent in a ruler versus calipers 
measurement. An acrylic ruler appears to be an 
adequate measuring tool on the basis of our data 
showing excellent observer agreement with acrylic 
ruler measurements. 
The nearly simultaneous reporting of results from 
NASCET and ECST in 1991 prompted considerable 
interest in the best way to calculate carotid stenosis. 
Each of these trials found a benefit from carotid 
surgery in patients who have high-grade stenoses. 
Each of these trials, however, used a different mea- 
surement technique to calculate the degree of carotid 
stenosis, which yielded different measurements of
stenosis for the same arteriogram. The ECST tech- 
nique for calculating carotid stenosis indexed the 
MRL to the diameter of the carotid bulb rather than 
to the normal distal cervical ICA, as used in NASCET. 
Critics have attacked the validity of both measure- 
ment techniques because ach has inherent inaccura- 
cies in anatomically defining the carotid lesion. 19,2° 
The ECST technique must estimate where the wall of 
the carotid bulb is to calculate the degree of carotid 
stenosis. The NASCET technique may calculate a 
negative stenosis when minimal occlusive disease is 
present in the carotid bifurcation. 
Rothwell et al.9 recently proposed indexing the 
MRL to the diameter of the normal distal common 
carotid artery as a better way to define carotid 
stenosis. Bladin et al.20 introduced the carotid stenosis 
index as another, better way to define carotid stenosis. 
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Unfortunately, neither of these measurement tech- 
niques has been validated in a large clinical trial. We 
agree with Barnett and Warlow a8 that the ECST and 
NASCET techniques are reliable for defining severe 
carotid stenosis and allow the treatment guidelines 
derived from the trials to be implemented. Further 
refinement of how to calculate carotid stenosis hould 
await clarification by the ongoing phases of ECST and 
NASCET regarding which categories of carotid 
stenosis are clinically significant and need to be 
identified. 
Clinical categories. To analyze our results we 
evaluated the calculated stenosis in the clinical deci- 
sionmaldng categories defined by both NASCET and 
ACAS. By classifying the stenoses into clinically de- 
fined categories before analysis with the kappa staffs- 
tic, we were able to compare observations and show 
clinically significant results. The absolute value of the 
stenosis determined by different observers is less 
important han whether they would categorize the 
lesions into the same clinically important category 
(i.e., greater or less than 70%). Clinically, the differ- 
ence between an 80% and a 90% carotid stenosis i not 
generally different because both interpretations 
would lead to the same treatment. On the other hand, 
this 10% difference could be described as significant 
observer variability. Some interobserver variability 
was noted in the calculated egrees ofstenosis n this 
study, as exhibited in Fig. 2. This variability was 
greatest among the lower, clinically less-significant, 
degrees of stenosis than in the range of carotid 
stenosis for which surgery is generally recommended. 
Although several techniques have been used in the 
literature to compare the interpretations ofmultiple 
observers, 21-23 we believe that the kappa statistic based 
on the NASCET and ACAS categories i a clinically 
meaningful analysis. 
The kappa values for data organized into the three 
NASCET categories were generally lower than the 
kappa values for data organized into the two ACAS 
categories. This is consistent with the statistical prin- 
ciple that as more categories are assigned, the chance 
of disagreement increases (i.e., lower kappa values 
result). Murie and McI(ay 24 previously noted this 
finding and suggested that observer reliability is best 
when a minimum number of categories i used. 
Observer experience. Because Chikos et al) 4 
suggested that the experience of the observer in 
interpreting cerebral arteriograms may be significant 
for obtaining acceptable vels of observer agreement 
regarding carotid stenosis, this study involved four 
observers from two specialties, with variable experi- 
ence in interpreting arteriograms. The interobserver 
and intraobserver kappa values in this study ranged 
from 0.634 to 0.970. These values indicate xcellent 
interobserver and intraobserver agreement for classi- 
fying carotid stenosis with the NASCET technique 
and. are consistent with previously reported re- 
sults. 1,s,9 The kappa values for the least experienced 
observer, the surgical resident, were slightly lower 
than those of the other three observers in the study 
(Tables I and II). The kappa values for even the most 
inexperienced observer, however, are indicative of 
excellent observer agreement. The kappa values 
achieved in this study represent the efforts of observ- 
ers who knew they were being monitored for accuracy. 
Random auditing of observers readings outside of a 
study such as this may result in kappa values that are 
lower. Nonetheless, the kappa values we achieved in 
this study indicate that the NASCET technique is 
easily learned and, with minimal interpretative expe- 
rience, can be accurately applied to measure carotid 
stenosis. No apparent improvement was found in 
observer agreement on the basis of the specific medi- 
cal specialty of the observer, although the small 
number of observers limits the conclusions. 
Previously at our institution, avariety of measure- 
ment techniques were used to define the degree of 
carotid stenosis een on cerebral arteriograms. Sig- 
nificant interpretative variability regarding carotid 
stenosis was common 1° and resulted in confusion 
regarding the proper management of patients with 
carotid occlusive disease. To minimize this variability, 
an attempt has been made at our institution to 
standardize the interpretation of cerebral arterio- 
grams with the NASCET technique. The results of 
the current study indicate that by adopting auniform 
measurement technique, marked improvement in 
observer agreement in the calculation of carotid 
stenosis can be achieved even by physicians with 
limited experience in reading Cerebral arteriograms. 
Karkow and Cranley is and Barnett and Warlow 18 
have championed the benefit of a single measurement 
technique for defining carotid stenosis from arterio- 
grams. Accurate determination of the degree of 
carotid stenosis is essential both for the proper selec- 
tion of patients for carotid surgery and for defining 
the diagnostic criteria for noninvasive t chniques such 
as duplex ultrasonography and magnetic resonance 
angiography. Our data suggest hat the NASCET 
technique, which is easily learned, reliable, and repro- 
ducible, allows physicians at a single institution to 
interpret carotid stenosis from arteriograms with 
consistency and should allow data from different 
institutions to be readily comparable with one an- 
other. The use of a standard measurement technique 
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for evaluating carotid stenosis from arteriograms 
should improve both the diagnostic accuracy and the 
appropriate management  of patients who have carotid 
artery occlusive disease. 
REFERENCES 
1. North American Symptomatic Carotid Endarterectomy Trial 
Collaborators. Beneficial effect of carotid endarterectomy in 
symptomatic patients with high-grade carotid stenosis. N Engl 
J Med 1991;325:445-53. 
2. North American Symptomatic Carotid Endarterectomy Trial 
(NASCET) Steering Committee. North American Symptom- 
atic Carotid Endarterectomy Trial: methods, patient charac- 
teristics, and progress. Stroke 1991;22:711-20. 
3. Mayberg M, Wilson S, Yatsu F, Weiss D, Messina L, Hershey 
L, et al. Carotid endarterectomy and prevention of cerebral 
ischemia in symptomatic carotid stenosis. JAMA 1991;266: 
3289-94. 
4. Hobson RW, Weiss DG, Fields WS, Goldstone J, Moore WS, 
Towne IB, Wright CB, and the Veterans Affairs Cooperative 
Study Group. Efficacy of carotid endarterectomy for asymp- 
tomatic arotid stenosis. N Engl J Med 1993;328:221-7. 
5. Executive Committee for the Asymptomatic Carotid Athero- 
sclerosis Study. Endarterectomy for asymptomatic carotid 
artery stenosis. JAMA 1995;273:1421-8. 
6. European Carotid Surgery Trialists' Collaborative Group. 
MRC European Carotid Surgery Trial: interim results for 
symptomatic patients with severe (70-99%) or with mild 
(0-29%) carotid stenosis. Lancet 1991;337:1235-43. 
7. Eliasziw M, Smith R, Singh N, Holdsworth D, Fox A, Barnett 
H. Further commentson the measurement of carotid stenosis 
from angiograms. Stroke 1994;25:2445-9. 
8. Moneta G, Edwards J, Chitwood R, Taylor L, Lee R, Cum- 
mings C, et al. Correlation of North American Symptomatic 
Carotid Endarterectomy Trial (NASCET) angiographic deft- 
nition of 70% to 90% internal carotid artery stenosis with 
duplex scanning. J Vase Surg 1993;17:152-9. 
9. Rothwell P, Gibson R, Slattery J, Warlow C. Prognostic value 
and reproducibility of measurements of carotid stenosis: a
comparison of three methods on 1001 angiograms. Stroke 
1994;25:2440-4. 
10. Ranval T, Bailey T, Soils M, MacDonald C, Wallace B, 
Harshfield D, et al. Overestimation f carotid stenosis: impli- 
cations for carotid endarterectomy [abstract]. Stroke 1992; 
23:142. 
11. Barnett H, Barnes R, Clagett G, Ferguson G, Robertson J,
Walker P. Symptomatic carotid artery stenosis: a solvable 
problem. Stroke 1992;23:1048-53. 
12. Slot H, Strijbosch L, Greep J. Interobserver variability in 
single-plane aortography. Surgery 1981;90:497-503. 
13. Zir L, Miller S, Dinsmore R, Gilbert J, Harthome ~. Interob- 
server variability in coronary angiography. Circulation 1976; 
53:627-32. 
14. Chikos P, Fisher L, Hirsch I, Harley J, Thiele B, Strandness DE 
Jr. Observer variability inevaluating extracranial c rotid artery 
stenosis. Stroke 1983;14:885-92. 
15. Karkow W, Cranley J. Variations in interpretation f arterial 
stenosis. J Cardiovasc Surg (Torino) 1989;30:826-32. 
16. Brown P, Johnston K, The difficulty of quantifying the severity 
of carotid stenosis. Surgery 1982;92:468-73. 
17. Rothwell P, Gibson R, Slattery J, Sellar R, Warlow C. Equiva- 
lence of measurements of carotid stenosis: a comparison of 
three methods on 1001 angiograms. Stroke 1994;25:2435-9. 
18. Barnett H, Warlow C. Carotid endarterectomy and the mea- 
surement ofstenosis. Stroke 1993;24:1281-4. 
19. Alexandrov A, Bladin C, Maggisano R, Norris J. Measuring 
carotid stenosis: time for a reappraisal. Stroke 1993;24: 
1292-6. 
20. Bladin C, Alexandrov A, Murphy J, Maggisano R, Norris J. 
Carotid stenosis ndex: a new method of measuring internal 
carotid artery stenosis. Stroke 1995;26:230-4. 
21. Altman D. Measurement ofcarotid stenosis. Lancet 1994;344: 
750. 
22. Bladin C. Measurement of carotid stenosis. Lancet 1994;344: 
749. 
23. Rothwell P, Slattery J, Warlow C. Measurement of carotid 
stenosis. Lancet 1994;344:749-50. 
24. Murie J, McKay A. Radiographic assessment of he extracranial 
internal carotid artery. J Cardiovasc Surg (Totino) 1986;27: 
154-7. 
Submitted Jan. 31, 1996; accepted May 2, 1996. 
DISCUSSION 
Dr. David S. Sumner (Springfield, Ill.). NASCET and 
ACAS have given surgeons the green fight to perform 
carotid endarterectomy in symptomatic patients with >70% 
diameter carotid artery stenosis and in asymptomatic pa- 
tients with >60% stenosis. By inference, the trials also signal 
a red light for lesions of less severity. Despite this and other 
inconsistencies, these criteria re accepted by many as hard 
and fast guidelines. Other equally important factors uch as 
plaque composition and fissuring are not considered. The 
main virtue of these guidelines, therefore, is that they are 
based on artetiographic measurements that can be made 
easily, accurately, and reliably by practicing clinicians. But 
can they? This is the issue that Dr. Gagne and his coworkers 
have addressed. 
The high intraobserver and interobserver correlation 
coefficients hat hey report merely indicate aclose relation- 
ship between two readings but do not establish the degree 
of agreement. Although kappa values of 0.73 to 0.79 for the 
3 × 3 category NASCET matrix indicated good agreement, 
the kappa values were no better than those reported when 
duplex scan results are compared with arteriography, even 
when data are characterized in a 4 x 4 matrix. Of more 
importance, however, isthe question of how frequently two 
observers might disagree in their classification of severe 
stenosis. On the basis of the plot diagram that compares the 
readings of a staff radiologist and a staffsurgeon, I estimate 
that 22% of the arteriograms that were read by the radiolo- 
gist as showing >70% stenosis were read by the surgeons as 
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showing less severe disease. Who then is to arbitrate? From 
this plot it appears that the average deviation of the 
radiologist's readings from those of the surgeon was about 
15%. Although the average deviation was 52% for lesions in 
the 0% to 29% category, it was only 7% in the more critical 
70% to 99% group. 
Given the fuzzy edges of an arteriographic mage, 
disagreements are bound to occur regardless of the method 
of measurement or the experience ofobservers, but do small 
disparities really matter? If the patient is symptomatic and 
has a 60% stenosis according to the NASCET criterion, 
would the authors withhold treatment? This same patient 
would have a 76% stenosis by the ECST or the Strandness 
method. In view of the uncertainty regarding the degree of 
stenosis, do the authors advocate ndarterectomy in asymp- 
tomatic patients with 60% stenoses, or would they prefer a 
more stringent cutoffpoint, such as 80%" 
As a "gold standard" arteriography as a "gilt" com- 
plex, but it is the best we have at the moment. 
Dr. Paul J. Gagne. Regarding your question about 
what we do for the patient who is having symptoms and has 
a 60% stenosis by the NASCET criterion, our current 
approach to these patients is when their stenoses are <70% 
we attempt to randomize them into the ongoing phases of 
NASCET. In the absence of a trial or trial option, we initially 
try medical therapy with antiplatelet agents in these pa- 
tients. If  the patient initially had symptoms while taldng 
antiplatelet agents or subsequently has symptoms while 
taking antiplatelet agents, we would go ahead and operate 
on that patient. 
Your second question dealt with the asymptomatic 
patient with the 60% stenosis versus an 80% cut-off as 
advocated by Dr. Strandness. The measurement technique 
used in coming to that 80% number by Dr. Strandness was, 
I believe, an index of the residual lumen to the carotid bulb. 
In fact, that reading of 80% correlates to a 60% stenosis by 
the NASCET measurement techniques. A 60% stenosis is 
the cutoff arrived at by ACAS. The two numbers (80% vs 
60%) may not be all that much different. However, our 
current practice is that we still would tend to operate in 
patients who are asymptomatic and who have high-grade 
lesions in the 80% or greater range, and in the patient who 
has a 60% stenosis, we would still favor medical treatment a
this time. 
Your final question regards who is the arbitrator when 
the radiologist and the surgeon do not agree on the degree 
of carotid stenosis. My senior author has instructed me to 
inform you that the surgeon is always right. 
Dr. Robert  C. Allen (Dallas, Tex.). Jesse Thompson 
and our group in Dallas recently reviewed this problem. 
Basically, the conclusion of our study in regard to the 
measurement of carotid stenosis by angiography is that 
there is really a chaos in the methods used. There is no 
accepted method of how to accurately measure the carotid 
stenosis. One of the important problems that comes up is 
where the lesion is in the ICA. If it is in the proximal ICA, 
then the NASCET or the ECST method reallyworked fairly 
well. However, if the lesion is in the distal common carotid 
artery and the origin of the ICA, it is much different, and the 
methods really are not very good at all. If the lesion is out of 
the bulb area in the more distal ICA, the methods do not 
work very well at all. 
In addition, when you look at ECST versus NASCET it 
is very important, because when you look at duplex com- 
pared with angiography and the ECST and NASCET 
methods, the ECST subgroup of 30% to 69% is overesti- 
mated compared with NASCET. ECST overestimated the 
degree of angiographic stenosis in approximately 40% of 
those patients in the 30% to 69% subgroup, so it is very 
important in regard to what method you use to measure the 
degree of carotid stenosis. In addition, there have been 
several other methods, and perhaps the author could 
comment on these in regard to a better method, to measure 
the degree carotid stenosis, comparing the degree of 
stenosis in the proximal ICA with that in the distal common 
carotid artery. The carotid stenosis index, as well, has been 
advocated to standardize the measurement of the degree of 
carotid stenosis. Unfortunately, atleast in our review, none 
of these methods have really proved to reliably predict he 
degree of carotid stenosis even when comparing angiogra- 
phy with duplex ultrasonography, magnetic~resonance an- 
giography, or postoperative r view of the specimen. 
Dr. Gagne. You're right. There is chaos to some extent 
about how to measure an arteriograN, and that was one of 
the issues that drove us to this study. We are hoping to at 
least get across the idea that some formal technique that has 
been evaluated in the major trials is perhaps the better way 
to look at these arteriograms. 
Let me address your last question about the common 
carotid index or the carotid stenosis index that has been put 
forth in the literature. These techniques compare the 
residual lumen with the common carotid artery diameter or 
estimate, based on a mathematical formula, what the carotid 
bulb diameter is on the basis of the distal ICA diameter. 
They have compared with readings performed by the ECST 
technique and the NASCET technique, but they have not 
been tried in the trials themselves. In other words, there is 
no large database in which these readings are correlated to 
the risk of stroke. Although there is a correlation to what the 
NASCET measttrements were, there isn't a direct correla- 
tion with patient outcome. So though it may be possible to 
show mathematically that there is a good agreement, 
whether these new techniques predict stroke or not has not 
been proven. 
I think that in each of these techniques there is a 
limitation with certain arteriograms. There is some diffi- 
culty applying any of these measurement techniques across 
the board. 
There is disagreement between measurement tech- 
niques, especially when yon get into the lower degrees of 
stenosis. There is more disagreement among the lowest 
degrees ofstenosis, as Dr. Sumner pointed out. This has also 
been reported in the literature. The question is, is it 
important to define the lower degrees of stenosis? I think 
the ongoing phases of NASCET and ECST will give us 
some insight into that issue when their results are published. 
